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Answer all FOUR (4) questions 


Note there is internal choice within questions ONE (1), TWO (2) and THREE (3) 


All questions are of equal value 


Where appropriate, use illustrations to support your answers 


QUESTION 1. Fundamentals (30 minutes) 


Answer THREE (3) only of the following SIX (6) topics 


(a) 


(b) 


(c) 


(d) 


(e) 


(f) 


Explain the difference between induction and deduction within the context of the use of 
the scientific method to examine ecological phenomena. 

Under what circumstances is it sometimes impossible to include replication in an 
ecological survey? 

What is defined as a procedural control in relation to the conduct of ecological 
experiments? In answering this question, suggest an example of a procedural control. 
What is the value of conducting a pilot study before undertaking an ecological survey or a 
manipulative experiment? 

In conducting ecological experiments or surveys, what is the difference between bias and 
precision? If it helps, use a diagram to illustrate what you mean. 

Data collected as the result of ecological surveys or experiments can be described as 


either being discrete or continuous. Explain this dichotomy with the aid of examples. 


QUESTION 2. Sampling (30 minutes) 


Answer THREE (3) only of the following SIX (6) topics 


(a) 


(b) 


(c) 


Explain what quadrats are, how they can be used and how they can best be placed to 
produce precise and accurate measurements. In doing so, consider such issues as quadrat 


size and shape, and the use of some common sampling designs. 


Describe the difference between density and frequency. When assessing clonal 
vegetation types, why might you choose not to use frequency as a measure of abundance? 
Explain two methods for considering measures of abundance for a vegetative grass 
species that spreads via underground rhizomes. 

In plant ecology, cover estimation is often important. Describe some of the common 


methods used to estimate cover in plant communities. 


Question 2 continues on the next page 
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(d) 


(e) 


(f) 
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From the point of view of sampling, transects are analogous to quadrats. In general, when 
using quadrats to sample a plant or animal population, the sample unit is relatively small 
and it is usually assumed that all individuals within its bounds will be detected and 
counted. However, this may not always be the case, particularly in relation to the use of 
survey strips (transects) on a broad scale. To overcome possible problems associated with 
detectability in such instances, line transect sampling can be used instead of strip transect 
sampling. Give a brief account of the use of line transect sampling and explain why it is 
superior to strip transect sampling. 

Three commonly recognised methods of capture-mark-recapture (CMR) sampling of 
animal populations are the Petersen Method (also known as the Lincoln Index), the 
Schnabel Method and the Jolly-Seber Method. Give an account of the similarities and 
differences between these methods. In doing so, make particular mention of the 
assumptions that underpin their use. 

In conducting community inventories or studies on the distributions of species, the 
recording of presence/absence information can be corrupted by the fact that detection of 
the target species is almost certainly imperfect. This problem can be overcome by 
constructing the sampling protocol in such a way that the data collected can be used to 
determine an unbiased estimate of species occupancy rather than a simple, naive 
underestimate of presence/absence. Explain how this would be done and, in doing so, 


comment on the relationship between occupancy and detection. 


QUESTION 3. Data Analysis (30 minutes) 


Answer THREE (3) only of the following SIX (6) topics 


(a) 


Hypothesis testing has long been recognised as a cornerstone of the scientific method. 
Peculiar to this method is that it is founded upon the idea of falsification, which means 
that no scientific hypothesis can ever be tested and established as being true. Application 
of the method requires that a null hypothesis be formulated in relation to the proposed 
hypothesis of interest and that the null hypothesis rather than the hypothesis be tested and 
either accepted or rejected. Associated with the hypothesis testing process are two types 
of statistical error, referred to as Type I error and Type II error. Explain the circumstances 
under which these errors are likely to arise. Further, comment on the consequences of 


committing either of these two types of error. 


Question 3 continues on the next page 
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(b) 


(c) 
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The amount of lead pollution on roadside verges is likely to depend upon the number of 
vehicles passing along the road. In a survey conducted on 19 roads, the amount of lead in 
parts per million (Y) on the roadside vegetation was recorded in conjunction with the 


amount of traffic recorded as hundreds of vehicles passing per day (X). 


Scatterplot of lead vs traffic 
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Assuming from the bivariate plot that fitting a simple linear regression to these data was a 
suitable approach to take, a null hypothesis needs to be tested as part of the analysis process. 
What would this null hypothesis be? Further, testing the null hypothesis resulted in the 
following statistical outcome: F117 = 92.26, P <0.001. What interpretation can be placed 


on this outcome? 
The equation for the linear regression fitted to these data was: 
Y =-10.74+0.569X 


What are the two coefficients in this equation and how can these be interpreted with regard 
to the relationship between lead concentration and traffic volume. Further, two other 
statistics can be calculated in relation to fitting this regression. These are r? = 0.84 and its 


square-root, r = -0.92. How are these statistics interpreted? 


The conduct of a oneway analysis of variance (ANOVA) in which the outcome was the 
rejection of the null hypothesis of no difference between treatment (group) means, a 
researcher may wish to investigate further where the actual differences between the 
treatments might lie. This would involve some sort of comparison of particular treatment 


means. What options are available for doing this? 
Question 3 continues on the next page 


(d) 


(e) 


(f) 
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When would you use an analysis of variance (ANOVA) to test hypotheses in ecology? 
Beyond the simple oneway design, this general form of analysis can be used in relation to a 
wide range of experimental designs. What are some of these, and what are their 
advantages? Hint: It may help to start by first considering the twoway factorial design. 
What is involved with conducting what is called a least squares regression analysis and what 
is involved with conducting what is called a logistic regression analysis? In answering this 
question, compare the two different data types associated with these methods of analysis. 
Further, discuss the issues of hypothesis testing and interpretation of the outcomes in 
relation to their use. 

Charles Darwin believed that it was better for plants if they were fertilised by other 
individuals rather than be self-fertilised. Self-fertilisation is more likely if a plant were large 
because successive visits by a pollinator are more likely to be between flowers on the same 
plant rather than between flowers on different plants. To reduce the risk associated with 
this, Darwin hypothesised that larger plants are more likely to be dioecious (i.e. each plant 
has either separate male or female flowers) rather than hermaphrodite (i.e. each flower has 
male and female parts). He also expected monoecy (i.e. where each plant has separate male 
and female flowers) to be intermediate. J. D. Hooker provided Darwin with the set of data 
on New Zealand trees (large), shrubs (intermediate) and herbs (small) given in the table 


below. 


—_ HERMAPHRODITE | MONOECIOUS DIOECIOUS 


; 
- 102 r 


The data in this contingency table were analysed using a chi-square statistic. State the null 


hypothesis that was tested here and decide whether or not it should be accepted or rejected 
given that the outcome of the test of this null hypothesis was 7 = 63.28 on 4 d.f., P <0.0005. 


Interpret this outcome. Was Darwin right? 
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QUESTION 4. Practicals and Experimental Design (30 minutes) 


Answer THREE (3) only of the following SIX (6) topics 


(a) 
(b) 


(c) 


(d) 


(e) 
(f) 


Describe a catch curve and explain how one can be used to estimate survivorship. 


In undertaking a study of the dynamics of a community, animal or plant, a number of 
statistics can be determined that will convert sample data into concise, interpretable 
information. Some of the commonly used statistics are species richness, species diversity, 
species evenness and, based upon these, the equivalent number of commonly occurring 
species. All these statistics can be used for comparing among different habitats or 
communities. Explain what each of these statistics tells you about the sampled 


community. 


In one of the practical sessions included in this course, the species-area curve was used to 
complete a particular task. What was that task and how was it fulfilled through the 


application of this model? 


Pseudoreplication has always been a problem with ecological experiments. What is it and 


how can it be overcome? 
What is effect size and what is its relevance? 


Before-after-control-impact (BACT) designs are considered the “gold standard” for 
environmental impact studies. Describe a BACI design experiment and comment on the 


types of variability that such a design is expected to control. 
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